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ABSTRACT 

We investigate the mid- (MIR) to far-infrared (FIR) properties of a nearly complete sample of 
local Active Galactic Nuclei (AGNs) detected in the Swift/BAT all sky hard X-ray (14-195 keV) 
survey, based on the cross correlation with the AKARI infrared survey catalogs complemented by 
those with IRAS and WISE. Out of 135 non-blazer AGNs in the Swift/BAT 9 month catalog, we 
obtain the MIR photometric data for 128 sources either in the 9, 12, 18, 22, and/or 25 /im band. 
We find good correlation between their hard X-ray and MIR luminosities over 3 orders of magnitude 
(42 < log XL\(9, 18 /im) < 45), which is tighter than that with the FIR luminosities at 90 /im. This 
suggests that thermal emission from hot dusts irradiated by the AGN emission dominate the MIR 
fluxes. Both X-ray unabsorbed and absorbed AGNs follow the same correlation, implying isotropic 
infrared emission, as expected in clumpy dust tori rather than homogeneous ones. We find excess 
signals around 9 /im in the averaged infrared spectral energy distribution from heavy obscured "new 
type" AGNs with small scattering fractions in the X-ray spectra. This could be attributed to the 
PAH emission feature, suggesting that their host galaxies have strong starburst activities. 
Subject headings: galaxies: active — galaxies: nuclei — infrared: galaxies 
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1. INTRODUCTION 

A complete survey of Active Galactic Nuclei (AGNs) 
throughout the history of the universe is one of main 
goals in modern astronomy, which is necessary to under- 
stand the evolution of supcrmassivc black holes (SMBHs) 
in galactic centers and their host galaxies. Given the fact 
that the majority of AGNs are obscured by dust and gas 
surrounding the SMBH, observations in hard X-ray and 
mid-infrared (MIR) bands are proposed to be promis- 
ing tools for detecting the whole populations of AGNs 
(both radio quiet and loud ones) thanks to their strong 
penetrating power than optical/UV lights and soft X- 
rays. In fact, recent deep multi-wavelengths surveys uti- 
lizing these energy ba nds are discovering a larg e num- 
ber of obscured AGNs (jBrandt fc Hasingerll2005l) . Hard 
X-ray selection gives the most efficient way to have a 
clean AGN sample with little contamination from host 
galaxies. On the other hand, MIR selection sometimes 
achieves even better sensitivities in detecting AGN can- 
didates than currently available X-ray data below 10 keV 
for heavily Compton thick AGNs with column densities 
of Ah > 10 24 cm -2 , although separation of AGN com- 
ponents from s tar forming activi ties could always be- 
come an issue (jOvabu et al.ll201ll ). To understand the 
efficiency and completeness of these surveys at different 
wavelengths, it is quite important to establish the rela- 
tion between hard X-rays and infrared emission of AGNs 
based on a large sample of nearby, bright AGNs for which 
detailed studies can be made. 

The Swift/Burst Alert Telescope (BAT) survey 
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(jTueller et al]l2008h is one of the most sensitive all sky 
surveys in the hard X-ray band (>10 keV), providing us 
with the least biased sample of AGNs in the local uni- 
verse including h eavily obscured ones , along with thos e 
by INTEGRAL dWinkler et all 12003 iBird et alll20loh . 
Suzaku follow-up observations of BAT AGNs have dis- 
covered a new type of de eply buried AGNs with a very 
small scattering fraction (jUeda et al.ll2007t lEguchi et all 
l2009UWinter et al.ll2009ah . Assuming that the amount of 
gas responsible for scattering is not much different from 
other objects, it is suggested that these new type AGNs 
are obscured in a geometrically thick torus with a small 
opening angle. Understanding the nature of this popula- 
tion is important to reveal their roles in the cosmological 
evolution of SMBHs and host galaxies. 

The MIR band also provides crucial information on the 
inner region of the AGN tori. It is known that a thermal 
continuum in the MIR band originates from hot circum- 
nuclear dust heated by optical/UV/X-ray photons from 
the central engine. Many works suggest tha t MIR emis- 
sion i s a good indica t or of AGN activity. iHorst et"al"1 
(l2008h : iGandhi et all (120091) have found a strong corre- 
lation between X-ray (2-10 keV) and MIR (12.3 /im) 
luminosity from the nucleus of Seyfert galaxies, using 
the VLT/VISIR data where the AGN can be spatially 
resolved from the host galaxy in many cases. In this 
paper, we statistically examine the correlation between 
the infrared and X-ray luminosities of AGNs by utiliz- 
ing a large uniform sample in the local universe, and 
investigate their infrared properties as a function of ob- 
scuration type. F or this purpose, we use the Swift/BAT 
9-month catalog (jTueller et alll2008T ) as the parent sam- 
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pie, whose multiwavelength properties have been inten- 
sively investigated. Here we focus only on "non-blazar" 
AGNs. As for the infrared data, we primarily use the all- 
sky survey catalogs obtained with AKARI, Japanese first 
infrared astronomical satellite launched on 2006 Febru- 
ary 22 (jMurakami et al.ll2007l ). which provide unbiased 
galaxy samples selected in the mid- and far-infrared 
(FIR) bands with unprecedented sensitivities as an all 
sky survey mission. To complement the infrared data 
of AGNs whose counterparts are not detected or do not 
have reliable flux measurements with AKARI, we also 
utilize the all sky survey catalog of NASA's Wide- fie ld In- 
frared Survey Explorer (WISE; IWright et al]l2010t ) mis- 
sion, launched in 2010, as well as the catalogs of the In- 
frare d Astronomical Satellite (IRAS; iNeugebauer et all 
11984ft . a joint project of the US, UK, and the Nether- 
lands launched on January 25, 1983. In Section 2, we 
present the sample selection criteria and the results of 
cross correlation between the Swift/BAT and AKARI 
catalogs. In Section 3, we discuss our two main results, 
the luminosity correlations and infrared average SED for 
different types. The conclusion and summary are given 
in section 4. Throughout the paper, we adopt Ho = 70.0 
km s" 1 Mpc" 1 , tt M = 0.3, and D, A = 0.7. 

2. SAMPLE 

2.1. Swift/BAT Hard X-ray Catalog 

The Swift/BAT 9-month catalog (jTueller et al.ll2008| ) 
contains 137 non-blazar AGNs with a flux limit of 2 x 
10~ n erg cm~ 2 s _1 in the 14-195 keV ba nd. The red- 
shift ra nge of this sample is < z < 0.156. IWinter et al.l 
(|2009af ) investigated the soft X-ray (0.5-10 keV) prop- 
erties of 128 (94.8%) BAT-detected non-blazar AGNs of 
iTueller et all (|2008h . By fitting the X -ray spectra taken 
with Swift/X-Rny Telescope (XRT) or XMM-Newton, 
they derive key spectral parameters, such as the absorp- 
tion column density (Njj), covering fraction of the ab- 
sorber (/ c ) or the scattering fraction (/ s ) with respect 
to the transmitted component (/ sca t — 1 — /c)- In our 
paper, we do not use the interacting galaxies NGC 6921 
and MCG +04-48-002, which are not separated in the 
Swift/BAT catalog. Hence, the parent sample consists 
of 135 sources. 

2.2. Infrared Catalogs 

2.2.1. AKARI Point Source Catalogs 

To obtain the infrared band properties of these 
Swift/BAT AGNs, we mainly use the AKARI All-Sky 
Survey Point Source Catalogs (AKARI-PSC). AKARI 
carries two instru ments, the infrared camera (IRC; 
lOnaka et al.l l2007f ) for the 2-26 (im band (centered at 
9 urn and 18 /mi) a nd the Far-Infrared Surveyor (FIS; 
iKawada et all 120071) for the 50-200 /xm band (centered 
at 65, 90, 140, and 160 /xm). One of the major objective 
of AKARI satellite is to obtain an all-sky map of in- 
frared sources. The AKARI all-sky survey observations 
covered nearly the full sky (>96 %), and detected 870,973 
sources with the IRC and 427,071 sources with the FIS. 
It achieved the flux sensitivities of 0.05, 0.09, 2.4, 0.55, 
1.4, and 6.3 Jy with position accuracies of 6 arcsec at 
the 9, 18, 65, 90, 140, and 160 /jm bands, respectively. 
In our study, we only utilize sources with the quality 
flag of FQUAL = 3, whose flux measurements arc re- 



liable 1 . As for the FIS catalog, we only refer to the 90 
(im data as a representative FIR flux, which achieve the 
most significant sensitivity improvement compared with 
the previous IRAS mission among the four FIR bands. 

2.2.2. IRAS Catalogs 

The IRAS mission performed an unbiased all sky sur- 
vey at the 12, 25, 60 and 100 /xm bands. The typical 
position accuracy at 12 and 25 /xm is 7 arcsec and 35 
arcsec in the scan and cross scan direction, respectively 
(|Beichman et al.l 1 19881) . In this paper we use two largest 
catalogs, the IRAS Point Source Catalog (IRAS-PSC) 
and the IRAS Faint Source Catalog (IRAS-FSC). IRAS 
achieved lOer point source sensitivities better than 0.7 Jy 
over the whole sky. The IRAS-FSC contains even fainter 
sources with fluxes of >0.2 Jy in the 12 and 25 (im bands. 
We use only IRAS sources with FQUAL= 3 (the highest 
quality) 2 . 

2.2.3. WISE All-Sky Catalog 

The WISE mission mapped the sky at the 3.4, 4.6, 
12, and 22 zxm bands, achieving 5<r point source sensi- 
tivity better than 0.08, 0.11, 1, and 6 mJy, respectively, 
in un confused regions on the ecliptic poles ([Wright et al.l 
l2010l ). The WISE all-sky survey utilizes the data taken 
from 2010 January 7 to August 6 3 . The source catalog 
contains positional and photometric information for over 
563 million objects. The position accuracy estimated 
from the comparison with the 2MASS catalog is ~2 arc- 
sec at 3<7 level. In this paper, we only use sources with the 
flux quality indicator -phjqual = A, which has Signal-to- 
Noise ratio larger than 10. Since the angular resolutions 
of WISE (6.5 and 12.0 arcsec at 12 and 22 /im, respec- 
tively) are slightly worse than those of AKARI IRC (5.5 
and 5.7 arcsec at 9 and 18 /xm, respectively), we refer to 
the profile-fitting photometry of WISE derived by assum- 
ing point-like sources, for consistency with the AKARI 
catalog. This is justified because our targets of WISE 
are relatively distant (hence more compact) compared 
with those detected with AKARI or IRAS (see Section 
2.3 for details). The photometric data of WISE are given 
in Vega magnitude, from which we convert into the Jan- 
sky unit using the zero-point flux densities of -F„(iso) = 
31.674 Jy and 8.363 Jy for 12 /xm and 22 /xm, respec- 
tively. 

2.3. Cross Correlation of Swift/BAT AGNs with the IR 

Catalogs 

We determine the IR counterparts of the Swift/BAT 
AGNs by cross-correlating the AKARI, IRAS, and WISE 
catalogs in this order. Our primary goal is to obtain 
the photometric data in the MIR band as completely as 
possible from the hard X-ray selected sample. We put 
the highest priority to the AKARI catalog because of its 
high sky coverage (97 % of the all sky) and 2-4 times 

See the release note of the AKAPJ/FIS catalog for the details 
of FQUAL. It is recommended not to use the flux data when 

FQU AL < 2 for a reliable scientific analysis. 

http : / /irsa. ipac . caltech. edu/data/AKARI /document at ion/AKARI- 

z sec Bcichman ct al. ( 1988) for the definition of FQUAL in the 
IRAS catalogs. False detections may be included when FQUAL 
< 2. 

3 see the release note of WISE, 

http : / / wise2 .ipac . caltcch.edu /docs/ release /allsky / 
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Fig. 1. — The histograms of position difference between the 
optical counterparts of the Swift/BAT AGNs and their AKARI 
counterparts (red solid line: IRC, blue dashed line: FIS). 

higher sensitivity than the IRAS survey. While all the 
IRAS sources should be detected with AKARI, AKARI's 
flux quality flags of very nearby (z < 0.005) objects turn 
out to be bad due to their extended morphology when 
fitted with a single Gaussian. In such cases, we rather 
refer to the IRAS data with good flux quality, which 
have «11 times worse angular resolution than AKARI, 
since we aim to measure the total MIR flux from both 
nucleus and host galaxy in a uniform way for all the AGN 
sample. For AGNs that are not detected with AKARI 
or IRAS, we utilize the WISE all-sky catalog, which has 
50 times better sensitivity than AKARI and therefore we 
can search fainter sources than ever in the MIR all-sky 
view, although the bright source are saturated due to the 
high sensitivity. 

First, based on the positional matching of the optical 
counterparts of the Swift/BAT AGNs with the AKARI- 
PSC, we determine their infrared counterparts in the 9 
/tin, 18 /im, and 90 /im bands. Here we adopt the maxi- 
mum angular separation of 0.15' and 0.2' for the IRC and 
FIS sources, respectively, which cor respond to typical 3g 
positional errors at fai ntest fluxes (|Ishihara et alj|2010t 
lYamamura etllllMnh . We find 70, 79, and 62 AKARI 
counterparts in the 9 /tin, 18/im, and 90 bands out 
of the total 135 non-blazar BAT AGN sample. Figured] 
shows the distribution of the angular separation between 
AKARI and optical positions for the Swift/BAT AGNs 
with IRC counterparts (red) and those with FIS counter- 
parts (blue). The IRC sources are more concentrated in 
a small distance range (with an average of (Ar) = 0.02') 
than the FIS sources ((Ar) = 0.08'), as expected from 
the positional accuracy in these catalogs. 

Further, for AGNs whose MIR fluxes are not reliably 
measured (FQUAL < 3) or not detected with AKARI 
(65 and 56 sources in the 9 /jm and 18 /un), we search 
for their counterparts at 12 /im or 25 /im in the IRAS- 
FSC and IRAS-PSC. Here we adopt the 50 arcsec radius, 
corresponding to the <2a positional error in the cross- 
scan direction. As a result, 11 and 9 IRAS counterparts 
with FQUAL = 3 are identified in the 12 /im and 25 
/im band, respectively. Finally, we utilize the the WISE 
catalog to find the MIR counterparts in the 12 /im or 22 
/im band for the remaining AGNs detected neither in the 



AKARI nor IRAS catalogs (54 and 47 sources in the 9 
/im and 18 /im bands). The matching radius of 2 arcsec 
is adopted. Thus, we identify 45 and 39 WISE sources 
with ph_qual = A in the 12 /tm and 22 /im band, respec- 
tively. In summary, we identify total 128 MIR counter- 
parts detected any in the 9, 12, 18, 22, and 25 /im out 
of the 135 Swift/BAT AGNs. Thus, the completeness of 
identification in the MIR band is 95%. 

We confirm that the probability of wrong identification 
with unassociatcd IR sources is negligible with these cri- 
teria for all the IR catalogs. Since the mean number 
density of the AKARI-PSC IRC and FIS sources in the 
all sky is ~20 deg -2 and ~10 deg -2 , the expected num- 
ber of contamination for the total 135 AGNs within each 
error circle is estimated to be only 0.05 and 0.04, re- 
spectively. The number density in the IRAS catalog is 
6.2 deg -2 , and hence the expected contamination for the 
65 AGNs whose counterparts are searched for within the 
radius of 50 arcsec is 0.24. Similarly, we estimate false 
identification of the WISE sources with a number density 
of 5.63 x 10 8 /(4.125 x 10 4 ) = 1.36 x 10 4 deg -2 to be 0.71 
within the radius of 2 arcsec for the searched 54 sources. 

2.4. AGN Type 

To examine the infrared properties for different AGN 
populations, we divide the sample into three types based 
on the X-ray spectra. The first one is "X-ray type-1" 
(hereafter type-1) AGNs, defined as those showing the 
absorption column density of Ah < 10 22 cm~ 2 . The 
second is "X-ray type-2" (hereafter type-2) AGNs that 
have Ah > 10 22 cm~ 2 . In addition, we are interested 
in whether or not there is distinction in the IR proper- 
ties of "new type" AGNs, which exhibit extremely small 
scattered fraction (/ scat = 1 — / c ) suggesting the geo- 
metrically thick tori around the nuclei. Here we define 
new type AGNs as those satisfying f c > 0.995, which are 
treated separately from the other (normal) type-2 AGNs 
in this paper. 

2.5. Luminosity Correlation between AKARI, IRAS, 
and WISE Data 

To make it possible to uniformly treat the MIR lu- 
minosities of AGNs at slightly different wavelengths ob- 
tained from the three IR observatories, we here inves- 
tigate the correlation between the AKARI/IRAS/WISE 
luminosities, using the sample commonly detected with 
AKARI and IRAS, or with AKARI and WISE. We 
choose IRAS 12 /mi/WISE 12 /tm for AKARI 9 /tm, 
and IRAS 25 /mi/WISE 22 /im for AKARI 18 /tm, re- 
spectively, because of the proximity of the central wave- 
lengths. Figure [2] displays luminosity correlations be- 
tween (1) AKARI 9 /im versus IRAS 12 /im, (2) AKARI 
9 /im versus WISE 12 /im, (3) AKARI 18 /tm versus 
IRAS 25 /im, and (4) AKARI 18 /tm versus WISE 22 
/tm. We check the strength of these luminosity cor- 
relations by using Spearman's test. We obtain Spear- 
man Rank coefficient (p) and null hypothesis probabil- 
ity P of (1) (p,P) = (0.97,2.37 x 10" 34 ), (2) (p,P) = 
(0.97,3.6 x 10~ 37 ), (3) (p,P) = (0.98,5.7 x 10" 40 ), and 
(4) (p,P) = (0.99, < 10~ 42 ). Since correlations between 
"luminosities" can be forced from those between "fluxes" , 
we also check the strength of the flux-flux correlations 
and obtain (1) (p,P) = (0.93,7.6 x 10" 24 ), (2) (p,P) = 
(0.92,4.9 x 10" 26 ), (3) (p,P) = (0.96,5.9 x 10" 33 ), and 



4 



Ichikawa et al. 



^ 45.5 
't/3 

D) 45 

i 

CO 

, „ 44.5 

E 

3. 44 
CM 

CO 435 

< 

DC 43 



O 



42.5 - 



E 
:± 

C\J 

CO 

< 

DC 



cn 
o 



A 



42 42.5 43 43.5 44 44.5 45 .45.5 

logAL^AKARI 9 urn) [erg s" 1 ] 



^T -1 45.5 

D) 45 
CO 



44.5 - 



42.5 




E 

C\J 
C\J 

LU 

CO 



42 42.5 43 43.5 44 44.5 45 45.5 

logXL^AKARI 1 8 |im) [erg s" T ] 



O 



42.5 43 43.5 



44.5 45 .45.5 



logAL^AKARI 9 jim) [erg s" 1 ] 



t;- 45.5 

'w 

P> 45 
CO 



44.5 



42.5 



42 42.5 43 43.5 



44.5 45 45.5 



\5 F 

logXL^AKARI 1 8 urn) [erg s" r f 



Fig. 2. — Correlation plots of infrared luminosities between AKARI 9 fira and IRAS 12 (im (top left, 53 sample), AKARI 9 fim and 
WISE 12 ^m (top right, 61 sample), AKARI 18 /nn and IRAS 25 (im (bottom left, 56 sample), and AKARI 18 (im and WISE 22 /im 
(bottom right, 70 sample). Squares (blue) represent type-1 AGNs (Nn < 10 22 cm~ 2 ), circles (red) type-2 AGNs (TVjj > 10 22 cm -2 ), and 
diamonds (green) new type AGNs. The regression lines are given by eqs. (1), (2), (3), and (4) in Section 2.5. 



(4) (p,P) = (0.99, < xlCT 42 ). Thus, we confirm that 
the correlations in both luminosity and flux between dif- 
ferent infrared catalogs are tight and significant. The 
standard deviation of the luminosity-ratio distribution 
between these two bands in the logarithm scale is found 
to be (1) 0.14 dex, (2) 0.17 dex, (3) 0.10 dex, and (4) 
0.08 dex, respectively. The dispersion does not affect our 
conclusion on the MIR and hard X-ray luminosity corre- 
lation (Section 3.1). Based on the correlation, we derive 
the empirical formula to convert the IRAS or WISE lu- 
minosities at 12 /im, 22 /im, or 25 /im into the equivalent 
AKARI luminosities at 9 /im or 18 /im as follows; 

log ALa (AKARI 9 /im) = log XL X (IRAS 12 /mi) - 0.051 

(1) 

log ALa (AKARI 9 /im) =logAL A (WISE 12 /im) + 0.057 

(2) 

log \L\ (AKARI 18 /im) = log AL A (IRAS 25 /mi) - 0.058 

(3) 

log \L X (AKARI 18 /im) = log \L X (WISE 22 /im) - 0.016 

(4) 

Assuming that AGNs detected not with AKARI but 
with IRAS or WISE should follow the same correlations 
as examined here, we apply these conversion factors to 
derive the 9 or 18 /im "AKARI equivalent" luminosities 
for them so that we can discuss the correlation with hard 
X-rays in a uniform way regardless of the matched cata- 
logs. Among the 128 Swift/BAT AGNs with MIR coun- 



terparts, 126 and 127 objects have the flux measurement 
in the 9 /im and 18 /im band, respectively. The 9 /im 
sample consists of 70 AKARI sources, 11 IRAS sources, 
and 45 WISE sources (126 sources in total), while the 
18 /im sample consists of 79 AKARI sources, 9 IRAS 
sources, and 39 WISE sources (127 sources in total). The 
summed sample detected either in the 9 /im, 18 /im, or 
AKARI 90 /im band consists of 128 sources (9 /im; 126, 
18 /im; 127, 90 /im; 62). 

2.6. Basic Properties of the Sample 

Figure [3] displays the redshift distribution of the 128 
AGNs with M IR counterparts (bl ue) together with that 
of the whole (|Tueller et all I2008D sample of 135 AGNs 
(red). Since our sample is highly complete(95%), we 
regard our current sample with MIR counterparts as 
representative of the whole population of hard X-ray 
selected AGNs, and hereafter ignore any issues related 
to the incompleteness. Table [T] summarizes the infrared 
to X-ray properties of all the 135 S w ift/BA T 9 month 
non-blazar AGNs in iTueller et all (|2008[ ). including 
12 8 objects wit h MIR counterparts: (1) source No. 
in ITueller et~aT1 (|2008t) . (2) object name, (3) redshift, 
(4)-(6) infrared fluxes (F„) at 9 /im, 18 /im, and 90 
/im, (7)-(9) infrared luminosities (XL\) at 9 /im, 18 
/im, and 90 /im, (10) reference catalog for the IR data 
for 9 /im, 18 /im, and 90 /im, (11) hard X-ray flux in 
the 14-195 keV band, (12) hard X-ray luminosity in 
the 14-195 keV band (Lhx), (13) X-ray absorption 
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Fig. 3. — Redshift distribution of the whole non-blazer AGNs in 
the Swift/BAT 9-month catalog (red solid line: 135 objects) and of 
those with the MIR counterparts (blue dashed line: 128 objects). 
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Fig. 4. — Distribution of the hard X-ray (14-195 keV) luminosity 
of our sample with MIR counterparts (total: black). The dashed 
blue, dotted red, and dot-dashed green ones correspond to those of 
the type-1, type-2, and new type AGNs, respectively. 



column density (iVjj), (14) covering fraction in the X-ray 
spectrum (/ c ), and (15) the reference for the X-ray 
spectra. For AGNs whose AKAPJ MIR fluxes are not 
available, we convert the infrared fluxes and luminosities 
with IRAS or WISE into those at 9 /im or 18 fim 
according to the formula given in Section 2.5. Column s 
(1), (2), (3), (11) are taken from iTueller "eTaLl (l200l 4 
. The X-ray spectral information ( c olumns 13-14) is 
basically adopted from IWinter et al.l (l2009al). while we 
refer t o the r esults obtained with Suzaku jEguchi et all 
2009L 120111; iRisaliti et all 120091: [Turner et all 120091: 
Awaki et all 120081: iGonzalez-Martm et all 120111: 
Winter et all l2009bt lltoh et all 120081: iTazaki et all 



20111: IWinter fc Mushotzkvl 12010: iBianchi et all 120091) 
and those with XMM-Newton (jNoguchi et al.l I20K ; 
iBallantvnel 120051 ) whene ver available. When the infor- 
m ation is not av a ilable in IWinter et all (|2009af ) , we refer 
to ITueller etUI (|2008l ). All luminosities in this table 
are calculated by using the redshift given in column (3). 
There are total 13 new type AGNs out of the 135 AGNs, 
for which asterisks are attached to the source No. in 
Table 1 (column 1). 

Figure [5] plots the hard X-ray luminosity distribution 
of our AGN sample with the MIR counterparts. Those 
for type-1 (dashed blue), type-2 (dotted red), and new- 
type (dot-dashed green) are separately pl otted. Previ- 
ous studies on Swift/BAT selected AGNs (jWinter et all 
l2009aHBurlon et al.ll201~ll) have shown that the X-ray lu- 
minosity distribution of type-1 AGNs has a higher peak 
luminosity than that of type-2 ones, as expected from 
the well-known correlation that the fraction of absorbed 
AGN s decreases against luminosity (e.g., lUeda et all 
l2003h . Although such trend may not be clear in Figure [4] 
due to the smaller sample size and coarse bin width (0.5 
dex), the averaged logarithmic luminosity of the type-1 



The redshifts of two 
2MASX J02162987+5126246 
2MASX J06403799-4321211, 



AGNs, No. 13: 
and No. 53: 
are adopted from 



and type-2 AGNs in our sample is 43.9 and 43.6, re- 
spectively, and a K-S test applied to their distributions 
returns a null probability of 4.0 x 10 -2 . Thus, albeit 
marginal, typc-1 AGNs are more luminous on average 
than type-2 AGNs in our sample. 

3. RESULTS AND DISCUSSION 

3.1. Correlation between the Infrared and Hard X-ray 
Luminosities 

Figure [5] shows the luminosity correlations in the lu- 
minosity range from 10 41 erg s _1 to 10 46 erg s" 1 be- 
tween the infrared (9, 18, or 90 /im) and Swift/BAT 
hard X-ray bands. Type-1, typc-2, and new type AGNs 
are marked with squares (blue), circles (red), and di- 
amonds (green), respectively. The small-filled symbols 
denote the data from AKARI, large-filled ones those 
from IRAS, and small-open ones those from WISE. In 
the figure, NGC 4395 is not shown due to its low lu- 
minosities (logALA(9 /im), log ALa(18 /im) , log -L H x) = 
(39.98, 40.28, 40.81). As noticed from the figure, the MIR 
(both 9 and 18 /im) luminosities well correlate with hard 
X-ray luminosity over 3 orders of magnitude (from 10 42 - 
10 45 erg s _1 ). In the FIR (90 /im) band, by contrast, the 
correlation is much weaker with larger dispersion com- 
pared with the MIR bands, even though we plot here 
only for AGNs detected with AKARI at 90 pan. 

Least-square fits to the hard X-ray versus MIR lumi- 
nosity plots with a power law model (i.e., a linear func- 
tion for the logarithmic luminosities with the form of 
log(L H x/10 43 ) = a + 61og(A J L A (9, 18 /im)/10 43 ) give the 
following best-fit correlations: 

l 0g = (0.06 ± 0.07) + (1.12 ± 0.08) log ALa(9 ^ ] 



log 



10 43 
Lux 

To 43 " = 



(0.02 ± 0.07) + (1.10 ± 0.07) log 



10 43 
(5) 

AL A (18 /im) 



10 43 
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Fig. 5. — Correlation between the infrared (9 /an, 18 fim, or 90 fim) and hard X-ray (14-195 keV) luminosities. Squares (blue) represent 
type-1 AGNs (Nu < 10 22 cm -2 ), circles (red) type-2 AGNs (A^h > 10 22 cm -2 ), and diamonds (green) new type AGNs. Dotted lines 
represent the regression lines (see Section 3.1). The small-filled, large-filled, small-open symbols denote those with the AKARI, IRAS, and 
WISE counterparts, respectively. The IRAS and WISE fluxes are all converted into the 9 (im (left) or 18 (im (right) using the formula 
given in Section 2.5. 



To check the significance of the correlations between 
the hard X-ray and MIR/FIR luminosities (or fluxes), 
we perform Spearman's tests for the summed sample con- 
sisting of all AGN types. The results are summarized in 
Table [21 which has the following columns: Col. (1) sam- 
ple; Col. (2) number of objects; Col. (3) luminosity- 
luminosity correlation coefficient (pt); Col. (4) flux- 
flux correlation coefficient (pf); Col. (5) a standard 
Student's t-test null significance level for luminosity- 
luminosity correlations (Pl); Col. (6) a standard Stu- 
dent's t-test null significance level for flux- flux correla- 
tions (Pf); Col. (7) regression intercept (a) and its 1-er 
uncertainty; Col. (8) regression slope (b) and its 1-er un- 
certainty. We find that both luminosity-luminosity and 
flux-flux correlations between the hard X-ray and MIR 
bands are highly significant. While there is also a sig- 
nificant correlation between 90 pm and hard X-ray lu- 
minosity, (pl,Pl) = (0.59,4.5 x 10~ 7 ), their flux-flux 
correlation is weak with (pf,Pf) = (0.17,0.18). 

We establish the good correlation between the MIR 
and hard X-ray luminosities in AGNs from so far the 
largest, uniform AGN sample in the local universe, 
although si milar results have been reported by sev- 
eral authors (iMushotzk v et al.|[200l iGandhi et~al1l2009l: 
IVasudevan et alJl2010t l. The MIR emission from galax- 
ies hosting an AGN is believed to originate mainly from 
high temperature (~ 150-300 K) dust emission heated 
by X-ray/UV photons from the central engine. Thus, if 
extinction is not important, the MIR luminosity is ex- 
pected to be correlated with the intrinsic X-ray luminos- 
ity, the most reliable tracers of the AGN power (since 
our sample contains mostly Compton thin AGNs with 
Ah < 10 24 cm -2 , the observed 14-195 keV luminosity 
can be regarded as the intrinsic one without any correc- 
tion). On the other hand, the FIR emission comes both 
from cooler (~ 30 K) interstellar dust heated by stars in 
host galaxies and from the cooler (outer) part of the torus 
in the AGN. The contribution from the host galaxy in- 
creases the scatter of the observed luminosity correlation, 
depending on the total star forming rate over the whole 
galaxy. Our results demonstrate that the MIR emission 
is more suitable for estimating the AGN intrinsic power 
than in the FIR band. 



Figures [6] plot the histograms of the MIR to hard 
X-ray luminosity ratio in the logarithm scale (r = 
logALA(9 /im)/Inx and logALA(18 pm)/Lnx) for the 
Swift/BAT AGN sample with MIR counterparts in the 9 
^m and 18 pm bands, respectively, calculated from (a, d) 
total, (b, e) type- 1 AGNs, and (c, f) ty pe-2 + new type 
AGNs. Following IGandhi et all (|2009h . we calculate its 
average and standard deviation for each sample, which 
are summarized in Table 3. From the total AGNs, we 
obtain (f,a) = (-0.129 ± 0.039, 0.437 ± 0.055) for the 9 
pin band and (f, a) = (-0.080 ± 0.042, 0.473 ± 0.059) for 
the 18 pm band. We find that the average is consistent 
between type-1 and type-2 (plus new type) AGNs within 
the errors. 

For comparison, the hist ogram of 

log AL >(12.3 pm)/Lnx obtained by IGandhi et al.l 
(|2009t ) from 42 local AGNs are overplotted in Fig- 
ures [6][a) and (d), where we convert their 2-10 keV 
luminosities into the 14-195 keV band by assuming a 
power law photon index of 2. Their sample is selected 
from nearby AGNs with good available X-ray spectra 
observed with Suzaku, INTEGRAL, or Swift, whose 
average distance is 74 Mpc (or z = 0.017), consisting 
of 12 Seyfcrt Is, 19 Seyfcrt 2s, 3 LINERs, and 8 
Compton thick (A H > 1.5 x 10 24 cixr 2 ) AGNs. It is not 
a statistically complete sample, however. The average 
X-ray luminosity is ~ 42.9 and only 3 sources have 
QSO class luminosity (L(2 - 10 keV) > 10 44 erg s" 1 ). 
Twenty four objects out of the 42 AGNs are listed in 
the Swift/BAT 9-month catalog and in our Table 1. Wc 
obtain (f,a) = (0.086 ± 0.054, 0.353 ± 0.077 ) for the 
12.3 pm band from the IGandhi et al.l (|2009f ) sample. 
Although the average is slightly larger than ours, it is 
still consistent within the error in the 18 pm band. Note 
that silicate features (see below) may affect our result 
in the 9 pm band. The standard devia tion is almost the 
same between the IGandhi et al.l (|2009[) sample and ours; 
the small difference could be due to the fact th a t ther e 
are 22 "well-resolved" AGNs in IGandhi et all ([2009T ). 
whose nucleus MIR emission was spatially separated 
from the host galaxy, making the correlation between 
the MIR and X-ray luminosities tighter. 

We also check the consistency with the results by 
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Fig. 6. — Histograms of log(AL^(9 /im)/Lnx) (top) and log(AL^(18 /imJ/Lnx) (bottom), (a) and (d) (left): total AGN s (solid lines), 
(b) an d (e) (center): type-1 AGNs, (c) and (f) (right): typc-2 + new type AGNs That of log(AL A (12.3 ^m)/L H x) for the IGandhi et al.1 
1120091 ) sample is overplotted in panel (a) and (d) (dashed lines, hatched area). 



iMatsuta et al.l (|2012[ ) obtained from the cross correla- 
tion between the Swift/BAT 22 month sample and the 
AKAPJ catalog. We confirm that our best-fit slopes (b) 
of the linear correlations between log XL\(9, 18 fim) and 
log Lhx are well consistent with their results (1.13 for 
9 /im and 1.12 for 18 fim with average errors of 0.04). 
On the other hand, the averaged MIR to X-ray luminos- 
ity ratios (f) derived from ou r study are slightly smaller 
than those by IMatsuta et al.l (|2012i) (0.14 for 9 and 

0. 19 for 18 /im). The difference is attributable to the 
high completeness of identification in our analysis, where 
faint, WISE-only detected MIR sources are included. 

As noticed from Figure [5J all types of AGNs (typc- 

1, type-2, and new type) seem to follow almost the same 
MIR vs hard X-ray luminosity correlation. In fact, we see 
no significant difference in the distribution of their lumi- 
nosity ratio between type-1 and type-2/new type AGNs 
(Table 3). To check this further, wc plot XL\(9 /im)/Lnx 
and XL\ (18 /jm) / Lhx as a function of the absorption col- 
umn density (Ah) in Figure [7] In both panels, there is 
no clear dependence of the MIR to X-ray luminosity ra- 
tio on Ah up to log Ah — 24. The large ratios found 
for Compton thick AGNs can be partially explained by 
attenuation of the hard X-ray fluxes due to heavy obscu- 
ration. The absence of Ah dependence suggests that the 
emission from the AGN-heated dust seems not to be af- 
fected by the obscuration by the torus causing the X-ray 
absorption. The results can not be explained with homo- 
geneous dust torus models (jPier fc Krolik 1119921 fl993h . 
which predict the significant decrease in the MIR to X- 
ray luminosity ratio when an optically-thick line-of-sight 
through the torus primarily show cooler smooth-dust and 
a lower mid-infrared luminosity for the same X-ray lu- 



minosity than does an optically-thin one. Our results 
rathe r favor the clumpy dust tori model dHonig et all 
120061: iNenkova et all l2008at ISchartmann et al.l I2008D 
which predict s isotr opic MIR emission, as discussed in 
IGandhi et all (|2009| ). No clear difference is seen in the 
MIR to X-ray luminosity correlation between normal 
AGNs and new type AGNs. New type AGNs may have 
large intrinsic MI R luminosities because of the geometri- 
cally thick torus ([Nenkova et al.ll2008b[) . which could be 
partially canceled out due to extinction, however. Cur- 
rently, the possible contribution from the host galaxy in 
the MIR band makes direct comparison between individ- 
ual objects very difficult. We need more observations of 
these A GNs by resolving o nly the nucleus emission as 

d one in IGandhi et all (120091) . 

iMelendez et al.l (|2008al lbf); IWeaver et all (|2010l) pro- 
posed the [Ne V] 14.32/24.32 /xm and [O IV] 25.89 //m 
lines as good AGN indicators because of the ir high ioniza- 
tion p otential. Using a Swift/BAT sample. TWeaver et al.l 
(|2010l) found a tight luminosity correlation between these 
lines and hard X-ray luminosities with a scatter of ~0.5 
dex, which is almost comparable with our result obtained 
for the MIR and hard X-ray correlation («0.45 dex, see 
Table [2]) . The correlation we find is very useful and easy 
to apply to various survey data as it requires only pho- 
tometry without spectroscopy. 

3.2. Averaged IR Spectral Energy Distribution 

Spectra in the MIR band are quite useful to investi- 
gate the host galaxy properties of AGNs. It is known 
that Polycyclic Aromatic H ydrocarbon (P AH) features 
in the 3 /im to 20 fim band dTielens 1120081) can be used 
as a starburst tracer (jlmanishi fc Dudley 1 120001 ) . The 
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AKARI 9 fim band covers the strong PAH emission fea- 
ture at 7.7, 8.6, and 11.2 fim. In addition, opacity peak 
of amorphous silicate grains are located around 10 and 18 
fim due to the Si— O stret ching and the O— Si— Y bending 
modes. lHao et all (|2007l ) report the MIR spectra of dif- 
ferent types of AGNs (type-1 QSO, type-1 Seyfert, type-2 
Seyfert, ULIRG) from Spitzer observations, revealing a 
large variety in the 10 fim silicate feature. Silicate ab- 
sorption feature is clearly detected from type-2 Seyfcrts. 

Averaged SEDs in the NIR to FIR band of the three 
types of AGNs are presented in Figure [51 The spectrum 
of each AGN is normalized by the 18 fim luminosity. Here 
we only use total 42 sources detected in all the 9, 18, and 
90 /im bands, consisting of 16 type-1, 21 type-2, and 5 
new type AGNs. We also include the photometric data 
in the J, H, and K s bands adopted from the 2 Micron All 
Sky Survey (2MASS) Point Source Catalog. We neglect 
the effect of redshift because the sample consists of only 
local AGNs (z < 0.1 with a mean value of (z) = 0.0165), 
for which K-correction is not significant. 

Wc find that the FIR emission at 90 /im is weaker rel- 
ative to 18 /im in the type-1 AGNs (blue) than in type-2 
(red) and new type AGNs (green). On the other hand, 
the MIR spectra are almost the same between the type-1 
and type-2 AGNs. This can be explained because type-1 
AGNs have intrinsically higher AGN luminosities on av- 
erage than type-2 AGNs (see Figure |4|), and hence contri- 
bution from cool dust in the host galaxy emitting the FIR 
radiation becomes smaller relative to the AGN compo- 
nent mainly observed in the MIR band. Indeed, the same 
trend is seen in the observed SED templ ates of Seyfert 
2 gala xies and type-1 QSOs complied by iPolletta et al.l 
(|2007l) (see their Figure 1). Another possible explana- 
tion would be an intrinsic differenc e of the dust q u antity 
between type-1 and type-2 AGNs: iMalkan et ail (|1998h 
suggested that the host galaxies of type-2 AGNs are likely 
to be more dusty than those of type-1 AGNs from the 
results of a Hubble Space Telescope imaging survey of 
nearby AGNs. 

It is remarkable that the averaged SED of new type 
AGNs exhibit enhanced fluxes than type-2 AGNs at 9 



fim. In fact, this is confirmed in the individual SED for 
4 objects (ESO 005-G004, ESO 506-G027, NGC 7172 and 
NGC 7319) out of the 5 new type AGNs examined here. 
This 9 fim excess most probably attributable to the PAH 
emission feature at 7.7, 8.6, and 11.2 /im from the host 
galaxies. This is consistent with the larger 90 /im excess 
in the averaged new-type AGN spectrum than in type- 
2 AGNs, which also reflects the starburst activity in the 
host galaxies. Another possibility is that the 9 /im excess 
comes from the emission feature of silicate grains, which 
would imply a larger amount of dusts around the nucleus 
than in normal type-2 AGNs. Our result suggests that 
geometrically thick tori around the black hole may form 
in galaxies with high star forming rates. 

Four out of the 5 new type AGNs have available MIR 
spectra observed with Spitzer. ESO 005-G004 shows a 
clear 11.2 /tm PAH line, and silicate absorption features 
are suggested at A > 10 /tm ((Weaver et a.l.ll2010h . A de- 
tection of the 11.2 /tm PAH lin e is reported from ESO 
506-G027 (jSargsvan et al.ll2011l) . although the spectrum 
is not available in the literature. NGC 7172 shows PAH 
lines at 7.7 /tm and 11.2 /tm with strong silicate absorp- 
tion features. In addition, for ESO 005-G004 and NGC 
7172, the line flux ratio betw een [Ne III] 15.56 /t m and 
[Ne II] 12.81 /tm is available in lWeaver et alj (|2010ft . from 
which the relative strength of the starburst to AGN ac- 
tivities can be estimated. These two sources have log 
/[Ndii]//[Ncii] = -0.50 and -0.31, respectively, suggest- 
ing that both have relatively strong starburst compo- 
nents normalized by their AGN activities. Thus, though 
limited in sample, a majority of our new type AGNs in- 
deed show significant PAH emission lines (and silicate 
absorption features) contributing to the 9 /im excess. 
Further systematic investigation of the MIR spectra of 
hard X-ray selected AGNs is useful to reveal the host 
galaxy properties and environment around the central 
engine in relation to the X-ray spectral information. 

4. SUMMARY AND CONCLUSIONS 

We have systematically studied the MIR and FIR prop- 
erties of a large complete flux limited AGN sample in the 
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Fig. 8. — Averaged infrared (1—100 /im) SED normalized at 
the 18 fim band for type-1 (blue, filled square), type-2 (red, filled 
circle), and new type AGNs (green, diamond). 



larger contribution from the host galaxy (Figure [5]). 
All types of AGNs follow the same correlation, and 
the luminosity ratio between the MIR to X-ray 
bands show no clear dependence against absorption 
column density up to Ah ~ 10 24 cm~ 2 . Our re- 
sults favor isotropic infrared emission models, pos- 
sibly clumpy dust torus models rather than homo- 
geneous dust model , confirming the argument by 
iGandhi et al.1 (|2009[ ) but with a much larger sam- 
ple. 



2. We find 9 /im excess in the averaged infrared SED 
of "new type" AGNs. This could be attributable 
to the PAH emission features, as confirmed in the 
available Spitzer spectra of at least three sources, 
suggesting that their host galaxies have strong star- 
burst activities. 



local universe detected in the Swift/BAT all sky survey 
in the 14-195 keV band, which has the least bias against 
obscuration. Utilizing the AKARI, IRAS, and WISE in- 
frared catalogs, we unambiguously identify 128 counter- 
parts in the MIR band out of the 13 5 non-blazar AGNs i n 
the Swift/BAT 9-month catalog bv lTueller et~aTI (|2008l ). 
For our discussion, the whole sample is divided into 3 
types based on the X-ray spectra, 57 type-1, 58 type-2, 
and 13 "new type" AGNs showing extremely small scat- 
tered fractions. 
The two main conclusions arc summarized as follows: 

1. We find a good luminosity correlation between the 
MIR (9 fim and 18 (im) and hard X-ray band over 
three orders of magnitude (42 < log-Lux < 45), 
while that between the FIR (90 /im) and hard X- 
ray bands is weaker, most probably due to the 
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TABLE 1 

Infrared and X-ray Properties of the AGNs in the 9-month 
Swift/BAT CATALOG 



No. 


Object 


z 


/(9) 


/(18) 


#90) 


\L\ (9) 


XL X (18) 


AL A (90) 


IR 

Catalog 


/hx 


log L H x 


N n 


fc 


X-ray 
Catalog 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(V) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


J * 


NGC 235A 


0.022229 


0.136 


0.295 




43.60 


43.74 




(W, A, X) 


3.2 


43.56 


28.2 


0.9975 


(a) 


9 * -;■ 


Mrk 348 


0.015034 


0.308 


0.593 


0.736 


43.54 


43.69 


43.09 


(I, A, A) 


9.5 


43.68 


16.0 


0.9960 


(c) 


3 


Mrk 352 


0.014864 


0.012 


0.016 




42.20 


42.02 




(W, W, X) 


3.7 


43.26 


0.056 




(b) 




NGC 454 


0.012125 


0.213 


0.417 




43.19 


43.16 




(I, I, X) 


2.3 


42.88 


15.9 


0.9970 


(a.) 


5 


Fairall 9 


0.04702 


0.229 


0.440 




11.59 


44.58 




(A, A, X) 


1.7 


44.39 


0.023 




(b) 


6 


NGC 526A 


0.019097 


0.141 


0.292 




43.58 


43.60 




(A, A, X) 


5.2 


43.63 


1.50 




(a.) 


7 


NGC 612 


0.029771 


0.135 


0.153 


2.604 


43.96 


43.52 


44.25 


(A, I, A) 


3.2 


43.81 


111 


0.9945 


(a.) 


g** 


ESO 297-G018 


0.025201 


0.081 


0.132 


0.672 


43.49 


43.41 


43.51 


(W, W, A) 


1.9 


43.85 


65.1 


0.9972 


( a) 


9 


NGC 788 


0.013603 


0.162 


0.312 




43.24 


43.33 




(W, A, X) 


5.9 


43.39 


46.9 


0.9930 


( a) 


10 


Mrk 1018 


0.04244 


0.059 


0.085 




43.81 


43.69 




(W, W, X) 


3.5 


44.17 







(a.) 


11 


LEDA 138501 


0.0492 














(X, X, X) 


3.9 


44.35 


0.030 




(a.) 


12 


Mrk 590 


0.02638 


0.080 


0.227 




43.52 


43.69 




(W, W, X) 


3.7 


43.77 


0.027 




(b) 


13 


2MASX J02162987+5126246 


0.0288 














(X, X, X) 


3.6 


43.84 


1.74 




(a.) 


15 


NGC 931 


0.016652 


0.349 


0.763 


2.430 


43.86 


43.90 


43.70 


(A, A, A) 


7.3 


43.66 


0.360 




(a.) 


16 


NGC 985 


0.043 


0.165 


0.368 


1.291 


44.37 


44.42 


44.27 


(A, A, A) 


3.7 


44.20 


0.389 




(b) 


17 


ESO 416-G002 


0.059198 


0.023 


0.052 




43.70 


43.77 




(W, W, X) 


3.2 


44.43 


0.027 




(b) 


18 


ESO 198-024 


0.0455 


0.039 


0.064 




43.69 


43.63 




(W, W, X) 


3.9 


44.28 


0.100 




(b) 


19 


QSO B0241+622 


0.044 


0.300 


0.635 


0.576 


44.66 


44.68 


43.94 


(A, A, A) 


7.3 


44.52 


0.742 




(a.) 


20** 


NGC 1142 


0.028847 


0.265 


0.380 




44.22 


44.08 




(A, A, X) 


7.8 


44.17 


63.1 


0.9974 


(c) 


21 


2MASX J03181899+6829322 


0.0901 


0.017 


0.027 




43.95 


43.88 




(W, W, X) 


3.5 


44.85 


4.10 


0.9670 


(a.) 


22 


NGC 1275 


0.017559 


0.442 


1.988 


6.928 


44.01 


44.36 


44.21 


(A, A, A) 


11.5 


43.90 


0.151 




(a.) 


23 


PKS 0326-288 


0.108 




0.152 






44.88 




(X, A, X) 


2.3 


44.84 


0.031 




(a.) 


21 


NGC 1365 


0.005457 


2.234 


5.364 


80.384 


43.70 


43.78 


44.25 


(A, A, A) 


7.2 


42.68 


450 


0.7400 


(f) 


25 


ESO 548-G081 


0.01448 


0.248 


0.097 


0.968 


43.42 


42.68 


43.18 


(I, I, A) 


3.3 


43.19 







( a) 


27 


PGC 13946 


0.036492 


0.015 


0.036 




43.09 


43.18 




(W, W, X) 


2.9 


43.95 


85.0 


0.9797 


(c) 


28 


2MASX J03565655-4041453 


0.0747 


0.020 


0.048 




43.85 


43.95 




(W, W, X) 


2.4 


44.52 


3.27 




(a.) 


29 


3C 105 


0.089 


0.009 


0.035 




43.69 


43.98 




(W, W, X) 


3.4 


44.83 


28.2 


0.9730 


(a.) 


30 


3C 111.0 


0.0485 


0.081 


0.135 




44.07 


44.01 




(W, W, X) 


12.5 


44.84 


0.620 




(a.) 


31 


1H 0419-577 


0.104 


0.081 


0.106 




44.70 


44.68 




(I, A, X) 


2.9 


44.90 


204 




(g) 


32 


3C 120 


0.03301 


0.203 


0.497 


1.468 


44.23 


44.31 


44.08 


(A, A, A) 


11.2 


44.45 


0.160 




(a.) 


33 


2MASX J04440903+2813003 


0.01127 


0.090 


0.145 


1.427 


42.93 


42.75 


43.13 


(A, W, A) 


7.6 


43.33 


3.39 


0.9900 


(a.) 


31 


MCG -01-13-025 


0.015894 


0.039 


0.055 




42.76 


42.63 




(W, W, X) 


1.5 


43.41 


0.004 




(b) 


35 


1RXS J045205. 0+493248 


0.029 














(X, X, X) 


5.6 


44.03 


0.001 




(a.) 


36 


XSS J05054-2348 


0.035043 


0.060 


0.124 




43.65 


43.68 




(W, W, X) 


6.1 


44.24 


29.3 


0.9914 


(c) 


37 


4U 0517+17 


0.017879 


0.166 


0.748 


0.957 


43.60 


43.95 


43.36 


(A, A, A) 


7.8 


43.75 







(a.) 


38 


Ark 120 


0.032296 


0.252 


0.253 




44.30 


44.00 




(A, A, X) 


5.3 


44.11 


0.020 




(a.) 


39 


ESO 362-G018 


0.012642 


0.224 


0.570 




43.25 


43.33 




(I, I, X) 


5.1 


43.26 


26.6 


0.9130 


( a.) 


40 


PICTOR A 


0.035058 


0.073 


0.135 




43.73 


43.72 




(W, W, X) 


2.2 


43.80 


0.060 




(a.) 


45 


NGC 2110 


0.007789 


0.300 


0.566 


4.594 


43.13 


43.10 


43.31 


(A, A, A) 


25.6 


43.54 


2.84 


0.9520 


(a.) 


46 


MCG +08-11-011 


0.020484 


0.340 


1.283 


2.377 


44.03 


44.30 


43.87 


(A, A, A) 


11.1 


44.02 


0.250 




(a.) 


47 


EXO 055620-3820.2 


0.03387 


0.532 


0.691 




44.50 


44.29 




(I, I, X) 


5.2 


44.14 


2.57 


0.9660 


(a.) 


48 


IRAS 05589+2828 


0.033 


0.201 


0.454 


0.955 


44.23 


44.28 


43.90 


(A, A, A) 


5.6 


44.15 







(a.) 


49** 


ESO 005-G004 


0.006228 


0.537 


0.520 


8.501 


43.18 


42.86 


43.38 


(A, A, A) 


1.2 


42.56 


115 


0.9973 


(c) 


50 


Mrk 3 


0.013509 


0.322 


1.892 


2.939 


43.64 


44.10 


43.60 


(A, A, A) 


10.1 


43.62 


110 




(h) 


51 


ESO 121-IG028 


0.0403 


0.016 


0.037 




43.20 


43.27 




(W, W, X) 


2.8 


44.03 


16.2 




fa) 


52 


ESO 490-IG026 


0.0248 


0.173 


0.706 




43.73 


44.02 




(I, I, X) 


3.6 


43.70 


0.330 




fa) 


53 


2MASX J06403799-4321211 


0.061 


0.032 


0.068 




43.88 


43.92 




(W, W, X) 


2.8 


44.40 


16.1 




(a.) 


54 


2MASX J0641 1806+3249313 


0.047 


0.042 


0.089 




43.75 


43.80 




(W, W, X) 


5.5 


44.46 


16.0 




(a.) 


55 


Mrk 6 


0.01881 


0.180 


0.522 


0.920 


43.68 


43.84 


43.39 


(A, A, A) 


6.6 


43.72 


3.26 


0.9090 


(a) 


56 


Mrk 79 


0.022189 


0.276 


0.611 


1.358 


44.01 


44.05 


43.70 


(A, A, A) 


4.7 


43.72 


0.006 




(b) 



TABLE 1 — Continued 



No. Object z /(9) /(18) /(90) AL A (9) AL A (18) AL A (90) IR f HX logL HX A H fc X-ray 

Catalog Catalog 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 



58 


ICR J07597-3842 


0.04 












60 


Mrk 18 


0.011088 


0.106 





252 


2.010 


12 


61 


2MASX J09043699+5536025 


0.037 


0.014 





040 




13 


62 


2MASX J09112999+4528060 


0.026782 


0.030 





067 




13 


63 


IRAS 09149-6206 


0.0573 


0.407 





792 


1.735 


45 


61 


2MASX J09180027+0425066 


0.156 


0.021 





050 




11 


65 


MCG -01-24-012 


0.019644 


0.104 





263 




13 


66 


MCG +04-22-042 


0.032349 


0.078 





178 




13 


67 


Mrk 110 


0.03529 


0.073 





107 




13 


68 


NGC 2992 


0.007709 


0.299 





826 


9.220 


13 


69 


MCG -05-23-016 


0.008486 


0.384 


1 


391 


1.277 


13 


70 


NGC 3081 


0.007956 


0.167 





699 


2.364 


12 


71 


NGC 3227 


0.003859 


0.444 


1 


128 


10.596 


12 


72 


NGC 3281 


0.010674 


0.415 


1 


509 


6.011 


13 


73 


2MASX J10384520-4946531 


0.06 












74 


LEDA 093974 


0.023923 


0.096 





256 


0.941 


13 


75** 


Mrk 417 


0.032756 


0.068 





152 




43 


77 


NGC 3516 


0.008836 


0.262 





651 


1.317 


43 


78 


RX J1127.2+1909 


0.1055 


0.040 





130 




11 


79 


NGC 3783 


0.00973 


0.502 


1 


530 


2.716 


13 


80 


SBS 1136+594 


0.0601 


0.041 





083 




13 


81 


UGC 06728 


0.006518 


0.051 





091 




12 


82 


2MASX J11454045-1827149 


0.032949 


0.078 





131 




13 


83 


CGCG 041-020 


0.036045 


0.054 





112 




13 


81 


IGR J12026-5349 


0.027966 


0.166 





614 


1.630 


11 


85 


NGC 4051 


0.002335 


0.346 





885 


4.557 


42 


86** 


Ark 347 


0.02244 


0.091 





102 




43 


87 


NGC 4102 


0.002823 


1.082 


3 


287 


54.050 


12 


88 


NGC 4138 


0.002962 


0.044 





075 


2.161 


11 


89 


NGC 4151 


0.003319 


1.032 


3 


629 


4.594 


42 


90 


Mrk 766 


0.012929 


0.220 





859 


3.312 


13 


91 


NGC 4388 


0.008419 


0.462 


1 


589 


10.349 


13 


92 


NGC 4395 


0.001064 


0.013 





052 




39 


94 


NGC 4507 


0.011802 


0.510 


1 


163 


4.370 


43 


95** 


ESO 506-G027 


0.025024 


0.114 





207 


0.613 


13 


96 


XSS J12389-1614 


0.036675 


0.053 





109 




13 


97 


NGC 4593 


0.009 


0.344 





569 




13 


98 


WKK 1263 


0.02443 


0.091 





170 


0.769 


13 


100 


SBS 1301+540 


0.02988 


0.015 





022 




42 


101 


NGC 4945 


0.001878 


8.811 


9 


945 




13 


102** 


NGC 4992 


0.025137 


0.059 








13 


103 


MCG -03-34-064 


0.016541 


0.453 


1 


873 


4.634 


13 


104 


Cen A 


0.001825 


10.190 


13.150 




13 


105 


MCG -06-30-015 


0.007749 


0.280 


0.591 


1.035 


13 


106 


NGC 5252 


0.022975 


0.104 


0.136 


0.416 


13 


107 


4U 1344-60 


0.012879 


0.207 


0.556 




13 


108 


IC 4329A 


0.016054 


0.769 


1.790 


1.785 


11 


109 


Mrk 279 


0.030451 


0.141 


0.387 




43 


110 


NGC 5506 


0.006181 


0.823 


2.240 


8.413 


13 


112 


NGC 5548 


0.01717 


0.157 


0.409 


1.073 


13 


113 


ESO 511-G030 


0.02239 


0.064 


0.090 


0.847 


13 


115 


NGC 5728 


0.0093 


0.176 


0.418 


11.383 


43 









(X, X, X) 


5.3 


44.30 









(a) 


99 


42.86 


43.26 


(A, I, A) 


3.1 


42.93 


18.2 





9700 


(a.) 


07 


43.24 




(W, 


W, X) 


3.1 


44.03 


0.060 






(a) 


11 


43.18 




(W, 


W, X) 


3.0 


43.69 


33.0 





9940 


(a) 


03 


45.02 


44.66 


(A, 


A, A) 


3.2 


44.40 


0.850 






(a.) 


55 


44.66 




(W, 


W, X) 


3.1 


45.31 


11.1 





9870 


(a) 


37 


43.58 




(W 


A, X) 


1.6 


43.60 


11.4 






(a) 


79 


43.85 




(A, 


A, X) 


1.1 


44.00 


0.039 






(b) 


71 


43.62 




(W, 


W, X) 


5.4 


44.19 


1.78 






(a) 


11 


43.25 


43.60 


(A, 


A, A) 


6.6 


42.94 


1.19 





4760 


(a) 


31 


43.57 


42.83 


(A, 


A, A) 


21.9 


43.54 


1.60 






(a.) 


89 


43.21 


43.04 


(A, 


A, A) 


8.8 


43.09 


98.0 





9937 


(d) 


69 


42.80 


43.07 


(A, 


A, A) 


12.9 


42.63 


1.74 





8520 


(a.) 


54 


43.80 


43.70 


(A, 


A, A) 


7.3 


43.27 


86.3 





9810 


(a) 








(X, 


X, X) 


3.3 


44.45 


1.81 





8800 


(a) 


62 


43.74 


43.61 


(A, 


A, A) 


3.4 


43.65 


4.38 





9860 


(a) 


64 


43.71 




(W, 


W, X) 


3.6 


43.95 


85.7 





9983 


(a.) 


17 


43.27 


42.87 


(A, 


A, A) 


10.6 


43.27 


0.353 






(a) 


47 


44.70 




(W, 


W, X) 


2.2 


44.80 


0.270 






(a) 


51 


43.72 


43.27 


(A, 


A, A) 


16.1 


43.53 


0.570 





7220 


(a) 


97 


43.99 




(W, 


W, X) 


2.5 


44.34 


0.004 






(a) 


10 


42.07 




(W, 


W, X) 


3.7 


42.54 


0.010 






(a.) 


70 


43.65 




(W, 


W, X) 


3.9 


43.99 


0.035 






(a.) 


62 


43.66 




(W, 


W, X) 


2.5 


43.88 


10.8 





9910 


(a) 


00 


44.26 


43.99 


(A, 


A, A) 


4.0 


43.86 


2.34 






(a) 


12 


42.23 


42.24 


(A, 


A, A) 


4.6 


41.74 


0.029 






(b) 


43 


43.29 




(W 


A, X) 


2.3 


43.42 


30.0 





9950 


(a) 


80 


42.98 


43.50 


(A, 


A, A) 


2.4 


41.62 


210 






(i) 


31 


41.29 


42.15 


(W, 


W, A) 


2.1 


41.61 


8.00 





9880 


(a.) 


91 


43.16 


42.56 


(A, 


A, A) 


37.4 


42.96 


5.32 





9590 


(a) 


13 


43.72 


43.61 


(A, 


A, A) 


2.3 


42.93 


0.525 






(b) 


38 


43.61 


43.73 


(A, 


A, A) 


25.3 


43.60 


36.2 





9920 


(a.) 


91 


40.25 




(W, 


W, X) 


2.6 


40.81 


3.30 





6780 


(a.) 


72 


43.78 


43.65 


(A, 


A, A) 


19.3 


43.78 


34.3 





9710 


(a) 


73 


43.69 


43.46 


(A, 


A, A) 


13.2 


44.28 


84.1 





9981 


(j) 


63 


43.67 




(W, 


W, X) 


5.8 


44.26 


3.25 






(a.) 


11 


43.23 




(I, A, X) 


9.1 


43.21 


0.031 






(a.) 


51 


43.58 


43.54 


(W, A, A) 


2.8 


43.58 


0.060 






(a) 


91 


42.78 




(W, 


W, X) 


2.5 


43.71 


0.040 






(b) 


36 


43.11 




(A, 


A, X) 


19.4 


42.18 


500 






(k) 


45 






(A, 


X, X) 


4.7 


43.83 


69.0 





9974 


(a.) 


96 


44.28 


43.97 


(A, 


A, A) 


4.7 


43.46 


40.7 





9610 


(a) 


40 


43.20 




(A, 


A, X) 


74.8 


42.74 


5.50 






(a) 


08 


43.11 


42.65 


(A, 


A, A) 


7.5 


43.00 


0.190 






(a) 


51 


43.35 


43.22 


(W, 


W, A) 


6.6 


43.90 


4.34 





9620 


(a.) 


41 


43.54 




(A, 


A, X) 


7.0 


43.41 


2.50 






(a.) 


16 


44.23 


43.53 


(A, 


A, A) 


30.0 


44.24 


0.610 






(a) 


99 


44.13 




(A, 


A, X) 


4.4 


43.97 


0.013 






(a) 


36 


43.50 


43.37 


(A, 


A, A) 


23.6 


43.30 


2.78 





9893 


(a) 


51 


43.65 


43.37 


(A, 


A, A) 


5.8 


43.59 


0.070 






(a.) 


27 


43.14 


43.50 


(W, 


W, A) 


1.7 


43.73 


0.098 






(a.) 


05 


43.12 


43.86 


(A, 


A, A) 


8.9 


43.23 


82.0 






(a) 



TABLE 1 — Continued 



No. 


Object 


z 


/(9) 


/(18) 


/(90) 


\L\ (9) 


AL A (18) 


AL A (90) 


IR 

Catalog 


/hx 


log Lhx 




fc 


(1) 


(2) 


(3) 


(■1) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


116 


Mrk 841 


0.036422 


0.126 


0.372 




44.11 


44.27 




(A, A, X) 


5.1 


44.20 


0.219 




117 


Mrk 290 


0.029577 


0.085 


0.151 




43.65 


43.70 




(W, A, X) 


3.0 


43.78 


0.150 




118 


Mrk 1498 


0.0547 


0.067 


0.214 




44.20 


44.40 




(A, A, X) 


1.5 


44.51 


58.0 


0.9905 


119 


2MASX J16481523-3035037 


0.031 


0.030 


0.038 




43.23 


43.06 




(W, W, X) 


8.6 


44.28 


0.240 




120 


NGC 6240 


0.02448 


0.350 


1.489 


23.100 


44.20 


44.53 


45.02 


(A, A, A) 


1.7 


43.81 


102 




122 


NGC 6300 


0.003699 


0.277 


1.336 


14.928 


42.44 


42.82 


43.17 


(A, A, A) 


9.1 


42.44 


21.5 




123 


GRS 1734-292 


0.0214 














(X, X, X) 


10.9 


44.05 


0.912 




124 


1RXS J174538. 1+290823 


0.111332 


0.030 


0.059 




44.40 


44.41 




(W, W, X) 


3.9 


45.09 


0.139 




125 


3C 382 


0.05787 


0.120 


0.106 




44.50 


43.95 




(A, I, X) 


8.1 


44.81 


0.013 




126** 


ESO 103-035 


0.013286 


0.300 


1.446 


1.227 


43.59 


43.97 


43.20 


(A, A, A) 


9.7 


43.58 


21.6 


0.9990 


127 


3C 390.3 


0.0561 


0.090 


0.242 




44.35 


44.48 




(A, A, X) 


10.1 


44.88 


0.120 




128 


NVSS J193013+341047 


0.0629 


0.130 


0.254 




44.62 


44.61 




(A, A, X) 


3.3 


44.50 


27.6 


0.9260 


129 


NGC 6814 


0.005214 


0.334 


0.258 


6.954 


42.65 


42.41 


43.14 


(I, A, A) 


6.2 


42.57 


0.058 




130 


3C 403 


0.059 


0.093 


0.215 




44.31 


44.39 




(W, W, X) 


4.1 


44.53 


45.0 




131 


Cyg A 


0.05607 


0.152 


0.418 


2.455 


44.47 


44.72 


44.79 


(W, A, A) 


10.9 


44.91 


11.0 




133 


NGC 6860 


0.014884 


0.155 


0.357 


1.369 


43.41 


43.47 


43.35 


(A, A, A) 


4.9 


43.39 


0.100 




136 


4C +74.26 


0.104 


0.147 


0.175 




45.13 


44.90 




(A, A, X) 


5.0 


45.14 


0.177 




137 


Mrk 509 


0.0344 


0.247 


0.499 




44.35 


44.35 




(A, A, X) 


9.7 


44.42 


0.015 




138 


IC 5063 


0.011348 


1.159 


2.246 


3.821 


43.87 


44.03 


43.56 


(I, A, A) 


7.1 


43.31 


25.0 


0.9910 


139 


2MASX J21140128+8204483 


0.084 


0.071 


0.105 




44.62 


44.48 




(A, A, X) 


3.6 


44.80 


0.121 




140 


IGR J21247+5058 


0.02 














(X, X, X) 


13.9 


44.10 


2.47 




111 


IGR J21277+5656 


0.0147 


0.211 


0.435 




43.53 


43.55 




(A, A, X) 


2.7 


43.12 


1.23 




142 


RX J2135.9+4728 


0.025 




0.240 






43.76 




(X, A, X) 


2.9 


43.62 


0.825 




144 


UGC 11871 


0.026612 


0.146 


0.320 


5.040 


43.90 


43.94 


44.43 


(A, A, A) 


3.9 


43.80 


2.44 




145** 


NGC 7172 


0.008683 


0.316 


0.424 


8.087 


43.24 


43.07 


43.65 


(A, A, A) 


12.4 


43.32 


8.19 


0.9990 


146 


NGC 7213 


0.005839 


0.360 


0.743 


2.943 


42.95 


42.77 


42.86 


(A, I, A) 


5.2 


42.59 


0.025 




147 


NGC 7314 


0.00476 


0.268 


0.304 


4.499 


42.48 


42.41 


42.88 


(I, A, A) 


5.7 


42.46 


1.16 




148** 


NGC 7319 


0.022507 


0.088 


0.158 


0.576 


43.53 


43.48 


43.34 


(A, A, A) 


1.1 


43.67 


86.6 


0.9965 


149 


3C 452 


0.0811 


0.029 


0.070 




44.09 


44.19 




(W, W, X) 


3.3 


44.73 


23.0 


0.9360 


151 


MR 2251-178 


0.06398 


0.090 


0.148 




44.36 


44.30 




(W, W, X) 


10.8 


45.03 


0.280 




152 


NGC 7469 


0.016317 


0.767 


2.692 


27.694 


44.18 


44.42 


44.74 


(A, A, A) 


8.3 


43.70 


0.041 




153 


Mrk 926 


0.04686 


0.060 


0.214 


0.647 


44.01 


44.26 


44.04 


(A, A, A) 


5.5 


44.45 


0.035 




154 


NGC 7582 


0.005254 


1.368 


3.287 


60.906 


43.43 


43.51 


44.08 


(A, A, A) 


6.7 


42.61 


33.0 





X-ray 
Catalog 
(15) 



b) 
a) 
a) 
a) 
a) 
a.) 
a) 
a.) 

b) 
a) 
a.) 
a.) 

b) 
1) 

a.) 
m) 
n) 
a) 
g) 
a) 
a.) 
a) 
a.) 
a.) 
a) 
a) 
a) 
a.) 
a.) 
a) 
b) 

a.) 
o) 



n 

o 
pa. 

O 

Q 
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c 

> 
Q 

2 



Note. — Tables Q] summarize the infrared to X-ray properties of all the 135 Swift/BAT 9 month non- blazar AGNs in lTucllcr et all (I2008fl . including 128 with MIR counterparts: (1) source No. in 
ITueller et alj2008h . The sources with asterisks** represent "new type" AGNs which exhibit extremely small scattered fraction (/ sca t — 1 ~~ fc 5; 0.005, thus / c > 0.995) suggesting the geometrically 
thick tori around the nuclei. (2) object name, (3) redshift, (4)— (6) infrared fluxes {F u ) at 9 /im, 18 /im, and 90 fim in units of Jansky (Jy), (7)— (9) infrared luminosities (\Lx) at 9 /J-m, 18 /im, and 90 
fim in units of erg s" 1 , (10) IR reference catalogs for 9 fim, 18 /xm, and 90 /i.m, (11) hard X-ray flux in the 14—195 keV band in units of 10 _11 erg s~ 1 cm -2 , (12) hard X-ray luminosity in the 14—195 
keV band (lo gLnx) in unit s of erg s —1 , (13) X-ray abs orption colu mn density (-/Vh), (14 ) covering fraction in the X-ray spectrum (/ c ) , and (15) the reference for the X-ray s pectra (a): | \V intere t al.| 
d2009a|) (b): ITueller et all j200l) fc): iNoguchi et ah| J2010|j (d): lEguchi et alj f201ll) (e): [Eguchi et all l200Sh (f): iRisaliti et alj I200SD (gV ITurner et ap i2009|) (hi: lAwaki et all j200SD (i): 
IGonzalez-Martm et all J2011D IWinter et alj J2009bf) 00: jltoh et all J2008D O lTazaki et all J2011f l (m): | Winter fc Mushotzkyl J2010f ) (n): IBallantyne] 020051) (0): IBianchi et al.| J2009f) . For AGNs 
whose AKARI MIR fluxes arc n ot available, we conv ert the infrared fluxes and luminosities with IRAS or WISE into those at 9 fim or 18 fim according to the formula given in Section 2.5. Columns 
(1), (2), (3), (11) arc taken from lTucllcr et alj ( 120081) except for the redshifts of two sources, No 13 (2MASX J02162987+5126246) and No. 53 (2MASX J06403799-4321211), which are adop t ed from 
the Swift/BAT 58 month catalog ( http : / /heasarc . gsf c . nasa . gov/docs/ s wift /result s/bs58mon/) . T he X-ray spectral information (columns 13—14) is basically adopted from Winter ct al. (2009a), 
while we refer to the results obtained with Suza ku (Eguchi ct al. 2009, 2011; Risaliti ct al. 20091: ITurner et alj[2 009; Awaki ct al. 2008; Gonzalez-Martin et al. 201l1; IWinter et alj 2009b; Ito h et alj 
120081 ; [Tazaki et al.ll2011|; IWinter fc Mu shotzky 2010; Bianchi ct al. 2009) and those with XMM-Newton jNoguchi et al.||2010| ; |Ballantvne||2005D whenever available. When the information is not 
available in Winter cl. al. (2009a), we refer to lTuellere^^J .1 J2008I V All luminosities in this table arc calculated by using the redshift given in column (3). 
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TABLE 2 

Correlation parameters between MIR and the hard X-ray sample 



Sample 


N 


PL 


Pf 


Pl 








a 


b 


(1) 


(2) 


(3) 


(4) 


(5) 




a 




(7) 


(8) 


9 iiva 


126 


0.82 


0.60 


3.0 x 10- 


■31 


1.4 x 10" 


■13 


0.06 ±0.07 


1.12 ±0.08 


18 /an 


127 


0.76 


0.59 


1.7 x 10" 


-25 


2.4 x 10~ 


13 


0.02 ± 0.07 


1.10 ±0.07 


90 /urn 


62 


0.59 


0.17 


4.5 x 10 


-7 


1.8 x 10 


-1 


-0.21 ± 0.10 


1.16 ±0.11 



Note. — Correlation Proportics between 14-195 keV X-ray luminosity (logLnx) an d in- 
frared (9, IS, and 90 p.m) luminosities (log \L\ (9, IS, 90 pvc\)) to various subsamplc popu- 
lations. (1) sample name; (2) number of sample; (3) the Spearman's Rank coefficient for 
luminosity correlations (ph) ; (4) the Spearman's Rank coefficient for flux-flux correlations 
{pf); (5) the standard Student t-test null significance level for luminosity correlations (Pl)] 
(6) the standard Student t-test null significance level for flux-flux correlations (Pf); (7) regres- 
sion intercept (a) and its lcr uncertainty; (8) slope value (b) and its la uncertainty. Equation 
is represented as Y — a + bX . 



TABLE 3 

AVERAGE AND STANDARD DEVIATION OF 
log(AL A (9,18Mm)/L H x) 



Sample 


N 


r 


IT 


(1) 


(2) 


(3) 


(4) 


9 /an All 


126 


-0.129 ±0.039 


0.437 ±0.055 


Type-1 


55 


-0.165 ±0.052 


0.389 ± 0.074 


Type-2(+ New Type) 


71 


-0.101 ±0.056 


0.470 ± 0.079 


18 /xm All 


127 


-0.080 ± 0.042 


0.473 ± 0.059 


Type-1 


57 


-0.141 ±0.060 


0.452 ± 0.085 


Type-2(+ New Type) 


70 


-0.031 ±0.058 


0.483 ± 0.082 


Note. Averages 


and standard 


deviations of 


log(AL x (9,18 H/W 


)■ (1) 


Sample name; 


(2) Number of 


sample; (3) average of 


log(AL 


x(9,18 H/fax 


); (4) standard 


deviation of log(ALA(9, 1 


3 /im)/L H x) 





